INTRODUCTION
Ozone (0 3 ) is normally present within the earth's troposphere at 20-SOppb concentration. However, as a result of increased industrialization and urbanization, e.g., automobile emissions (Elstner, 1984) ppb. Thus, even rural areas experience elevated atmospheric 0 3 levels, presumably as a result of long-range transport of ozone precursors (e.g., NO X ).
Although considerable literature exists regarding the effects of elevated 0 3 concentrations on crop plant growth and yield (Taylor, 1984) , a computer search of the literature yielded limited information (Wilkinson and Barnes 1972; Berry 1973; Kress and Skelly 1982; Miller and Stottle 1984; Hogsett et al., 1985; Peterson et al., 1987; Pye, 1988) regarding the effects of adverse 0 3 levels on forest species' chemistry and metabolism. What literature does exist is mainly concerned with 0 3 effects on photosynthetic rate (Barnes, 1972) and usually from a whole-plant prospective (Koslowski, 1980; Smith, 1981) . In this regard, Pye (1988) reported that data from 25 experiments utilizing seedlings of photosynthetic rate in many areas of the U.S.A. Ozone is responsible for the growth decline of pollutant sensitive eastern white pine genotypes in the Southeastern United States and of ponderosa and Jeffrey pines in the mountains of Southeastern United States and Central California (Chevone and Linzon, 1988) . There appear to be few published reports regarding 0 3 effects on amino acid (Wilkinson and Barnes, 1972) and protein contents of pine species.
Defining these contents is important since proteins are the end-products of gene expression and enzymatic proteins can profoundly affect growth and development. In addition, the marked accumulation of certain amino acids, e.g., proline in leaves of certain plants is stress-related (Dashek and Erickson, 1981; Erickson and Dashek, 1982) and thus, may prove useful as an indicator of 0 3
stress.
Here, we compare the ethanol-insoluble protein contents of charcoalfiltered air and 0 3 -fumigated new foliage derived from 30-yr old Pinus strobus trees. This investigation is an initial attempt to identify conifer proteins which may be markedly sensitive to 0 3 with the intent of genetically-engineering airpollutant resistant pine trees (Maniatis et al., 1982; Wu et al., 1983) .
MATERIALS AND METHODS

Fumigations of Needles
Twigs comprised of one yr-old needles were sampled from 30 yr-old trees (Coweeta Hydrologic Laboratory, Otto, NC), grafted onto two yr-old seedlings and fumigated with 4,000 and 8,000 ppb hr" 1 0 3 (controls were fumigated with charcoal-filtered air). The three genotypes used in this study had previously been observed to show visual 0 3 damage under field conditions (Swank and Vose, in press). The ozone was generated by the UV-photolysis of pure oxygen (Ozone Research Equipment Corporation, Phoenix, AZ). Subsequent to fumigation, 0.27 to 2.32 g fr wt lots of needles were excised, added to ~ 250 ml 80% EtOH and stored at 4°C until analysis.
Extraction and Quantification of Needle Protein
Needles, which were soaked in 80% EtOH, were blotted, weighed and homogenized on ice with a mortar and pestle into 95% aqueous EtOH (Stewart, 1972) . Following homogenization, the homogenates were centrifuged at 12,000 xg for 30 min at 4 C C utilizing a Beckman J21C centrifuge.
Whereas the EtOH-soluble fraction (12,000xg supernatant) was evaporated to dryness and stored at -20°C over drierite for amino acid determination (subject of another communication), the EtOH-insoluble fraction (12,000xg. pellet) was suspended in 3ml of 0.15M NaCI for protein quantification. Aliquots of the resuspended EtOH-insoluble protein were diluted to 1 ml for assay at 280nm utilizing bovine serum albumin (BSA) for standard curve construction. The UV-spectroscopic quantification of protein is dependent upon the presence of aromatic amino acids in protein. Therefore, a colorimetric procedure, Bradford (1976) , was also employed to quantify the protein contents of air-fumigated and 0 3 -fumigated needles.
The procedures utilized to extract and quantify needle protein are summarized in Figure 2 . In this connection, alcohol has been employed by Durzan and Stewart (1967) to derive the soluble nitrogen content of-jack pine leaves.
Assessment of UV Assay Specificity
To assess whether the EtoH-insoluble fractions of new foliage needles contained compounds which could interfere with the UV quantification of protein, UV spectra (200-300nm) of EtOH-insoluble substances and BSA (Sigma, St. Louis, MO) suspended in 0.15M NaCI were performed utilizing an LKB ultraspectrophotometer. Three to six replicates were carried out for both the needle EtOH-insoluble and BSA fractions to obtain means which were entered into an IBM computer employing a Lotus 123 program to "plot" the absorption spectra.
Recovery of Needle Protein
To assess the efficiency of the EtOH extraction/UV quantification procedure, 10, 25, 50 and 100mg BSA were added to 3ml 95% EtOH and processed as in Figure 2 .
Statistical Analyses
The number of replicates for needle protein quantification, protein recovery and UV spectra are presented in the legends to the figures and captions to the tables. Statistically significant differences in 280 nm contents between air-and 0 3 -fumigated needles were sought with an analysis of variance utilizing a 95%
confidence level (Elzey, 1987) .
RESULTS AND DISCUSSION
Needle Total Protein Content
The data in Figure 3 reveal that substantially elevated 0 3 levels (> 200 ppb) are required to show a statistically significant reduction in total protein content of new foliage as there were no significant differences amongst the Stewart (1972) . means at p = 0.05. Mean protein content was more than 50% lower in needles exposed to 200ppb 0 3 relative to controls; however, the data were highly variable, making statistically significant differences difficult to detect. The trend of decreased total protein content in fumigated needles may still be biologically important. The apparent 0 3 -induced diminution in protein content raises the question as to whether the reduction occurred in each needle protein or alternatively preferentially in certain types of proteins. For example, ribulose 1,5-bisphosphate carboxylase (RUBISCO), a photosynthetic enzyme, composes a significant amount of the protein of the leaves of certain plants.
Therefore, it may be of value to compare the RUBISCO activities of 0 3 -and airfumigated needles. In addition, the use of starch gel electrophoresis coupled with appropriate substrate methods could serve to assess whether various classes of enzymes are affected, e.g., dehydrogenases, esterases, peroxidases, etc. In this regard, peroxidase has been suggested as an enzyme monitor of airpollution (Dasheket aL, 1990 ). In addition, a variety of chlorophyll synthesizing enzymes could be assayed to determine whether 0 3 -induced needle tip browning is a result of an impairment of chlorophyll synthesis thereby reducing needle photosynthesis. Whether selected or all proteins are decreased in amount could be established by electrophoresis of EtOH-insoluble needle proteins by SDS-PAGE (Laemmli, 1970) .
The data in Table 1 suggest that the recovery of a known protein, bovine serum albumin, through the procedure in Fig. 2 was limited. This raises the possibility that some needle proteins were trapped upon the Miracloth. The extent to which this affected our analysis of the differences between treatments is unknown and indicates that an alternative method, e.g., centrifugation for collecting cell walls should be employed. Figure 4A , B presents the UV spectra for EtOH-insoluble needle substances (A) and bovine serum albumin (B). Similar spectra were observed for each suggesting a limited occurrence of 280nm interfering substances. Indeed, the EtOH-insoluble material exhibited a positive Coomassie blue colorimetric reaction (Bradford, 1976) but the quantity of detected protein was less than that detected by UV assay. ethanol, decanting the alcohol and subsequent homogenization of "pre-chopped" needles into 95% ethanol. After "pulling" through Miracloth, the homogenate was centrifuged (12,000xg., 30 min.) and the pellet suspended in 0.15M NaCI for assay. Whereas the 280nm substances content of air-fumigated needles was 
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